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(54) ACTIVE MATRIX ORGANIC UGHT EMITTING DIODE DISPLAY DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To obtain an inexpensive device in which 
three-dimensional collection can be easily performed and manufacturing can be 
performed in room temperature by making constitution in which a pixel has a pass 
transistor and a driving transistor supplying a continuous driving current to an organic 


light emitting diode in accordance with a data signal from a pass transistor. 
SOLUTION; This display device comprises two dimension array having a pixel 
electronic system including a gate line, a data line, and a pixel 102. Each pixel 102 has 
a pass transistor 104 receiving a data signal from one of the data line and passing 
through and a driving transistor 108 operating in accordance with a data signal from 
the pass transistor 104 and supplying a continuous driving current in accordance with 
the data signal to an organic light emitting diode 110. This data signal controls a 
continuous driving current, when the driving transistor 108 is operated by a data signal, 
the organic light emitting diode 110 receives the continuous driving signal and emits 
light. 
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1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 
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CLAIMS 


[Claim(s)] 

[Claim 1] Two or more gate lines connected to two or more pixels arranged in the 
2-dimensional array, and the pixel of the party to whom it corresponds of said two or 
more pixels, respectively. Two or more data lines connected to the pixel of the single 
tier to which the inside whose each is said two or more pixels corresponds are 
included. Each of two or more of said pixels The pass transistor which passes the data 
signal which controls the continuation drive current supplied from the data line which 
is connected to a corresponding gate line and corresponds according to a gate signal, 
The drive transistor which will supply a continuation drive current to an organic light 
emitting diode according to said data signal if said pass transistor passes said data 
signal, The active-matrix organic light emitting diode display characterized by having 
the organic light emitting diode which emits light according to said continuation driving 
signal supplied. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to thie amelioration in a display device, 
an approach, equipment and a circuit. More specifically, this invention relates to the 
amelioration which uses organic light emitting diode (OLED) for the active-matrix 
array used for a flat panel display etc. 
[0002] 

[Description of the Prior Art] Conventional active-matrix liquid crystal display (LCD) 
equipment operates by constituting a short (small interval) holding circuit for every 
pixel. It holds a fixed charge to a LCD light valve until a pixel is refreshed for this 
circuit. All the pixels of the same line are charged in coincidence juxtaposition among 
two or more pixels by which matrix arrangement was carried out. Electrification of the 
pixel of one line electrifies the pixel of another line one by one. This procedure is 
repeatedly performed continuously through all the lines of the display screen, and a 
screen is refreshed continuously. 

[0003] A display may usually use the pixel exceeding 1 million pieces for the one 


display screen. Therefore, it is important that a set point can be loaded to a pixel for a 
short period of time so that the display screen can be refreshed at every 1 6ms (ms) 
(namely, about 60 times per second). Since a fixed charge is taken to write in a holding 
circuit only several microseconds, the display screen which has 1000 or more lines 
can be refreshed within 1 6ms. 

[0004] Although the application is widely found out when using the reflected light or 
the transmitted light, in many situations, the self-luminous display of LCD is desirable. 
If it puts in another way, in order that LCD equipment may operate with the back light 
which emits a beam of light through LCD, the thickness of a flat panel display will 
increase with the thickness of a back light In addition, 90% of light source light will be 
absorbed by polarization optical system and the low numerical aperture, and the 
active-matrix LCD system is holding the fault that effectiveness is low. 
[0005] If a back light is lost, since a flat panel display can be far made thinner than the 
existing indicating equipment, to offer an indicating equipment without a back light is 
desired. Moreover, it operates at lower driving gear cost and higher effectiveness, and 
to offer a thinner panel display is also desired. 

[0006] "Organic Electroluminescent Devices" Science Vol. 273 According to 884 
(August 16, 1996), inorganic [ LED ] will be apparently considered to be ideal at all 
points. It has the outstanding quantum efficiency, and only the bias voltage of several 
volts of inorganic [ LED ] is usable in ****** and all colors, and it is very reliable. 
[0007] However, inorganic [ LED ] has three main problems of cost, accumulation, and 
temperature, an inorganic LED display equipment must be assembled from each LED 
by which color matching was carried out, must arrange each LED correctly, and must 
carry out wiring association — there is nothing. When each alphabetic character uses 
5x7 pixels (therefore, 35 LED is used for each color), if the total characters on screen 
of equipment exceed about 10-15 characters, costs will increase extremely. Generally, 
inorganic [ LED ] can require epitaxial growth, therefore cannot overlay a pixel circuit 
effectively, and cannot obtain the equipment which has about 100% of filling factor 
again. Finally, inorganic [ LED ] is processed at the elevated temperature far 
exceeding a room temperature. 

[0008] Drawing 15 shows the conventional basic structure organic [ LED / 1 ]. The 
organic film 2 of one or more sheets made with the electroluminescence activity 
ingredient is inserted between two electrodes 6. i.e., low work function cathode, and 
the high work function anode plate 4. The high work function anode plate 4 is 
transparent. In the state of impression of direct-current bias, an electron is poured 
into an organic material from cathode 6, and a hole is poured into an organic material 
from an anode plate 4. By the impressed electric field, an electron and a hole go 
mutually, it moves, and they collide, and form a luminescence excitation state. This 
energy serves as light which passes through and emits the transparent anode plate 4. 
The organic film 2 can be formed by vacuum evaporationo, the chemical self-assembly 


(chemical self assembly), the spin cast. etc. The thickness of the organic film 2 is the 
range from several monomolecular layers to about 3,000A. 

[0009] U.S. Pat No. 5.424.560 of Norman and others entitled "Integrated Multicolor 
Organic LED Array" is indicating the OLED array formed by preparing a negative layer. 
Pattern attachment of the organic layer of the color from which plurality differs is 
carried out on a negative layer, and it forms in two or more fields of the selected array 
LED of the color from which plurality differs. One transistor is unified in a negative 
layer and each line of the negative layer turned "ON" one by one with an external 
connection pad is provided with a drive current. 
[0010] 

[Problem(s) to be Solved by the Invention] However, these examples of a citation lack 
in recognition of offering the cheap active-matrix luminescence display in which 
three-dimensions accumulation and room temperature manufacture of a light emitting 
device are possible, or cannot offer such [ actually ] equipment. 
[001 1] It becomes easy to three-dimensions accumulate this invention, and it aims at 
offering the cheap active-matrix luminescence display in which manufacture at a room 
temperature is possible there. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this 
invention offers the active-matrix OLED display containing the 2-dimensional array 
which has a pixel electronic system containing a gate line, a data line, and a pixel. Each 
pixel operates according to the data signal from the pass transistor which a data 
signal is received [ transistor ] from one of the data lines, and passes this, and this 
pass transistor, and has the drive transistor which supplies the continuation drive 
current according to this data signal to an organic light emitting diode (henceforth 
OLED). A data signal controls a continuation drive current, if a drive transistor 
operates with a data signal, OLED will receive the continuation driving signal and it will 
emit light. 

[0013] Moreover, the configuration which establishes a storage means to receive a 
data signal from this pass transistor, and to once memorize the data signal in this 
invention is also suitable. 

[0014] Each gate line is connected to the pixel of the same line of two or more pixels 
by which matrix arrangement was carried out. Each data line is connected to the pixel 
of the same train. Therefore, each pixel is separately addressable with one gate line 
and one data line. 

[0015] Here, a thin film transistor (TFT) can be used for each above-mentioned pass 
transistor and a drive transistor, respectively. 

[0016] Moreover, other modes of this invention are characterized by flowing into the 
common catholyte connected to all pixels, after a continuation drive current passes 
Drive TFT and flows into the anode plate of OLED for every pixel. 


[0017] In the first deformation of this mode, after a continuation drive current passes 
Drive TFT and flows into the cathode of OLED, it is characterized by flowing into the 
common anode plate layer connected to all pixels. 

[0018] Moreover, in the second deformation of the above-mentioned mode, after 
flowing into catholyte through the anode plate of OLED. the continuation drive current 
which flows through Drive TFT is offered. Moreover, in deformation of the third, after 
flowing into an anode plate layer through the cathode of OLED, the continuation drive 
current which passes Drive TFT and flows is offered. 

[0019] When forming a storage means in each pixel, this storage means may be a 
capacitor which memorizes an analog data signal. Or a storage means may be a static 
eel holding a digital data signal, as long as a component receives power. 
[0020] Moreover, other modes of this invention are related with the approach of 
operating the active-matrix OLED display which has the 2-dimensional array of the 
pixel electronic system containing a gate line, a data line, and a pixel. This approach 
memorizes the data signal which passed along this pass transistor, sends out a data 
signal to a drive transistor, adjusts the continuation drive current to OLED, and makes 
a light beam to operate a pass transistor with a gate line signal, to supply a data signal 
to a pass transistor from a data line, and emit from OLED with that data signal for 
every pixel. 
[0021] 

[Embodiment of the Invention] Hereafter, in order to make an understanding of this 
invention more perfect, a drawing is used and explained about the gestalt (henceforth 
an operation gestalt) of suitable operation of this invention. In addition, in each 
drawing, the same sign expresses the same components among drawing. 
[0022] This invention offers the circuit for operating the active-matrix array of OLED 
using an analog or digital memory so that it may explain in full detail below. If required, 
linear luminescence behavior can be mostly filled using the existing OLED property. 
Amelioration of OLED which all engine-performance measure followed receives 
profits. By losing a lighting system required for LCD equipment, a flat panel display far 
thinner than the existing back light display is possible. That a luminous layer can be 
arranged on the existing circuit enables three-dimensions accumulation in the design 
of structure with about 100% of filling factor. This is an advantage in which it excels 
inorganic [ which generally requires epitaxial growth, as a result cannot. perform this 
type of three-dimensions accumulation / LED ]. Actuation of monochrome or a color 
is possible at either a front face or a tooth-back luminescence design. The layout of a 
pixel circuit can be optimized depending on various priority items, for example, 
maximum filling factor, color processings, ease of manufacturing, or ease of operating 
it. 

[0023] The luminescence brightness 010,000 cd/m2) exceeding 30 times of the 
luminescence brightness (300 cd/m2) of current and a typical luminescence display is 


possible for OLED. The rapid advance which prolongs the life of these components 
prolonged the life of a component to ** for 1 0.000 hours. The power consumption per 
area in 300 cd/m2 of Present OLED is about 0.04 W/cm2. and this is in the optimum 
range of the power consumption in the application of a display. The further 
amelioration in brightness, endurance, and effectiveness is expected. For example, 
probably the brightness of a display can be further raised by adjusting the solid angle 
of luminescence to the flat-surface micro-lens array put on the whole display. 
[0024] Unlike the active-matrix LCD equipment in which the accumulated charge sets 
the condition of a light valve, OLED answers a continuation drive current and emits 
light. In order to drive a high resolution OLED display, it requires that each pixel diode 
receives a programmable forward-bias current through the framing period of a display. 
For example, in the case of 60Hz display, a framing period is about 1 6ms. The pixel 
condition in a framing period is memorizable using an analog or digital memory. 
[0025] [Operation gestalt 1] drawing 1 shows the analog drive circuit concerning the 
operation gestalt 1 which memorizes a pixel condition. Each pixel 102 of the analog 
drive circuit 100 includes pass TFT104. a capacitor 106. and drives TFT108 and 
0LED1 10. The pass TFT104 of one train is turned "ON" by the gate line n. If turned 
on, the pass TFT104 of the train m of Line n will store the voltage level from a data 
line m in the capacitor 106 of a pixel 102. After the pass TFT104 of Line n is turned 
OFF by the gate line n, the signal inputted into the gate line n of drive TFT108 adjusts 
the current of 0LED1 10 during a current framing period. In the analog drive circuit 100, 
a current flows into the common catholyte connected to ajl the OLED components 
110 of the analog drive circuit 100, after flowing into the anode plate of OLED110 
through drive TFT108. 

[0026] A capacitor 106 can also be excluded if enough for the gate capacitance of 
drive TFT108 to hold a signal through the whole framing period. However, there is an 
advantage in including a capacitor 106. Probably, in a signal, the gate capacitance of 
drive TFT108 is inadequate, although [ which carries out period maintenance ] it is 
required. In addition, if pass TFT104 is switched, the parasitism capacitance will make 
the voltage level of the gate of drive TFT108 produce change, and will make it difficult 
to impress right gate voltage. Thus, the further advantage including a capacitor 1 06 is 
to reduce the effect of this parasitism capacitance. 

[0027] An example with the desirable 4-pixel intersection used for realizing the analog 
drive circuit 1 00 of drawing 1 is shown in drawing 2 . Drawing 2 shows the metal layer 
of two sheets, a polish recon layer, and circuit contact. The first metal layer includes 
anode plates 1 1 2, 1 1 4. 1 1 6. and 1 1 8. a data line 1 20. Vdd Rhine 1 24, and contacts 1 26 
and 128. The second metal layer contains one plate of the gate line 122 and a 
capacitor 106. Another plate of a capacitor 106 is formed of Vdd Rhine. A polish recon 
layer includes pass TFT104 and drive TFT108. Contact 126 connects pass TFT104 to 
a capacitor 106. Contact 128 connects drive TFT108 to the anode plate 118 of 


OLEDIIO. 

[0028] This arrangement gestalt makes it possible to use TFT of the top gate or the 
bottom gate as pass TFT104 and drive TFT108. If a capacitor 106 is required, since 
this capacitor 106 can be direct manufactured on Vdd Rhine 124, it will not require a 
substantial additional area. As mentioned above, this is one of the points OLED is 
excellent in as compared with inorganic [ which generally requires epitaxial growth as 
a result cannot perform this type of three-dimensions accumulation / LED ]. Many 
possible layout deformation is in implementation of the circuit indicated on these 
specifications about the arrangement gestalt of a component, the layer used for those 
manufactures, and the processing approach. It is not limited to explanation stated by 
drawing 2 . 

[0029] Vdd Rhine 124 can also be arranged in parallel to the gate line 122 or a data 
line 1 20. In order to make the proper capacitance of a data line 1 20 into the minimum 
with this operation gestalt 1 . Vdd Rhine 1 24 is parallel to a data line 1 20. 
[0030] As for pass TFT104, it is desirable to hold stable gate bias to drive TFT108 
through a framing period. That is. as for pass TFT104, it is desirable that it is possible 
for it to be stabilized and to maintain the gate voltage of the drive TFT108 during a 
framing period. While other pixel trains are driving, the data line which leads to pass 
TFT104 may be changed. Therefore, during a framing period, a charge leaks into a 
memory cell or there is a possibility of leaking out of a memory cell. 
Electrical-potential-difference error Vg-error in a eel is calculated by the degree type 
(1). 
[0031] 
[Equation 1] 

Vg-error=Ileakage-tau frame/Cpixel ... (1) 

However, Ileakage is the leakage current, tauframe is a framing period, and Cpixel is 
pixel capacitance. 

[0032] A part of gray level (Grey Level) resolution may be determined by this error, for 
example, if it becomes, in order [ by which the electrical potential difference of a pixel 
eel reaches the useful programming range of about 8 volts ] to have the gray level of 
200, it is become about an electrical-potentiahdifference error that it is bad better 
than about 40mV — as (less than about 40mV) — it must control. The leakage 
current of a transistor can be made into the minimum by narrowing TFT. For example, 
the mobility of 30cm2/V-sec takes that the capacity of a capacitor 106 is about 0.5pF 
to the 5micrometerx15micrometer poly-Si TFT of the leakage current of 300 fA/mu m. 
As mentioned above in drawing 2 , since a capacitor 1 06 can be direct manufactured 
on Vdd Rhine 1 24 or to the bottom, the need does not have the further field, another 
approach of controlling the leakage of TFT further — the pass transistor 104 — 
double-gate ones — it is using TFT. 

[0033] It depends for the die length of time amount usable although data are written in 


the pixel eel 102 within the framing period for 16ms on the Rhine time of a display, i.e., 
the selection period of each Rhine. When the width of face of a display is 480 lines, 
this time amount is about 32 microseconds. The time amount with which 
electrification time amount and the amplifier processing time (amplifier settling time) 
were doubled must be settled in this time limit. Since the desirable ON state current is 
generally acquired when using poly-Si TFT, electrification time amount does not 
become a problem. When using polish recon, leakage tends to become the main 
problems about the design of a display. When using an amorphous silicon TFT, in the 
state of "ON", mobility is low and its leakage is also more lower than polish recon. 
[0034] A eel depends for pixel eel electrification time amount on whether it is written 
in as quantity by the initial state, or it is written in as low. In order that the NMOS 
transistor gate may reduce passage for logic 1 (high) by originally being easy to let 
logic 0 (low) condition pass (degrade), this asymmetry arises. Drawing 3 explains this 
effectiveness in the case of writing 0.5pF of data in a capacitor 106 about the pass 
TFT which has the property outlined above. Although 1 microsecond is not filled with 
the write-in time amount of 4V signal as shown in drawing 3 , the write-in time amount 
of 1 2V signal exceeds 4 microseconds. Any time amount of enough is within the limits 
of the permissible electrification time amount for 32 microseconds. What is necessary 
is just to increase a gate line "ON" electrical potential difference, if quicker high-level 
electrification time amount is required. Or a CMOS bidirectional transistor may be 
used instead of the NMOS pass TFT104 again. However, when CMOS is adopted, a 
design and processing become complicated. 

[0035] It is possible to accumulate current, an amorphous silicon device, and a polish 
recon component on a monolithic on the same glass substrate. It enables this to 
combine possible desirable high "ON" current with the desirable low leakage current 
property of the amorphous silicon for Pass TFT in the polish recon for Drive TFT. If 
pass TFT104 consists of mixtures of an amorphous silicon and polish recon, pass 
TFT104 can make the leakage current low, so that a capacitor 106 is made small or it 
can lose it However, in order to attain the electrification time amount which may be 
equal to what is obtained using the polysilicon compass TFT104, the amorphous 
silicon pass TFT104 with more wide width of face may be needed. Naturally, this may 
consume more fields, as a result may lower the filling factor of a pixel. 
[0036] The pixel of 72SPI array which emits the white light by 300 cd/m2 is used for 
one desirable example of the analog drive circuit 100 of a active-matrix display. Each 
pixel needs about 35microampere maximum current by 12 volts. A current and the 
requirement of an electrical potential difference are width of face of 30 micrometers, 
and size with a die length of 15 micrometers, and can be easily satisfied using the 
polish recon drive TFT1 08 which has the mobility of 30cm2/V~sec. The field of 72SPI 
pixel of this size cannot but be a part very much. In order that pixel size may contract, 
the requirement of a current, as a result the width efface of a drive transistor are also 


reduced. A certain extent can be further optimized by transistor occupancy area's 
changing ratio w/l of the width of face w of TFT, and die-length I, and adjusting the 
driver voltage of an array. 

[0037] **** takes TFT and the detailed model of diode characteristics to actual 
design selection of the dimension of TFT in a pixel design, and driver voltage. For 
example, if the leakage of a pass transistor is the parameter which is the hardest to 
attain within the limits of a specification, electrical-potentiahdifference swing in a 
data line should be made into the minimum, and leakage should be reduced. In order to 
reduce required signaHevel swing as one method of performing this, there is the 
approach of expanding the width of face of drive TFT108. 

[0038] Originally OLED is a nonlinear device like all diodes. As for OLED. a current 
shows an electricahpotential-difference dependency, and this dependency is almost 
exponential or follows the power principle dependency mostly, the small change in an 
electrical potential difference put in another way if it becomes produces the big 
change in the brightness of OLED depending on a current, as a result the bias point of 
diode. Drawing 4 has typical OLED and the mobility of 30cm2/V-sec, and when 
1 5-volt Vdd is added to what allotted the poly-Si TFT which is width of face of 30 
micrometers, and die length of 1 5 micrometers to the pixel array of 72SPIs, it shows 
how many kinds of load Rhine (load line) property over that gate voltage. On the 
drain-source electrical potential difference of 4-12 volts, set points differ from the 
saturation state of TFT to a straight-line period. 

[0039] Drawing 5 shows the diode current Idiode and the diode brightness Ldiode as a 
function of drive TFT gate voltage under the same conditions as what is used for 
drawing 4 . In spite of diode and the nonlinearity of TFT, the behavior of brightness is 
close to linearity on the 4-12-volt gate bias about the gate voltage of the range of the 
request of 0 - 300 cd/m2. Since the digital-analog converter used for this driving a 
data line generates electrical-potential-difference swing at intervals of a fixed 
electrical potential difference per each gray level, it can usually serve as the very 
advantageous description on the design of a display. A certain usable number from a 
data drive electronic system of gray levels can be appropriately used by an increment 
with an equal data line electrical potential difference migrating to the brightness range 
of desired, and designing a pixel so that an increment with the equal intensity of light 
may be produced. Therefore, this circuit not only can drive diode by the high level and 
the low, but it is shown that the gray-scale control only by moderate amendment is 
possible. 

[0040] Drawing 5 shows another important description again. A diode current 
increases quickly with impression of bias, and also according to a small bias error, it 
burns and it brings about potential risk of being exhausted. However, also suitably, 
channel resistance of the drive TFT108 in "ON" condition acts as protective 
resistance. This prevents the current which passes diode increasing exponentially, it 


puts in another way — if it becomes, a current should increase exponentially with 
linearity change of an electrical potential difference, and channel resistance of the 
drive TFT108 of "ON" should burn and lose diode — it acts as a spike protection 
feature which prevents A diode current will actually show only the rise with 

which linearity is not filled, if it exceeds about 5 volts. 

[0041] Drive TFT108 can also be produced with an amorphous silicon again. However, 
the low mobility (0.3cm2/V-sec) of an amorphous silicon TFT means that a large drive 
transistor is required more wide [ width of face ] that is, compared with the case of 
polish recon or single crystal silicon. The practical limitation which makes width of 
face of TFT large is the point that TFT occupies most pixel fields and stops leaving 
the room of other components. However, "ON" current of an amorphous silicon TFT 
is so large that it can fully realize the moderate brightness of the order of hundreds 
cd/m2 by the amorphous silicon drive TFT. Furthermore, operation of the use and the 
higher brightness to the diode of the smaller amorphous silicon drive TFT is attained 
as an OLED component becomes more efficient. 

[0042] Drawing 6 - drawing 10 show five sorts of deformation of the analog drive 
circuit 100. 

[0043] One of the diode contacts is divided into the circuits 1 00 and 300 of drawing 1 
and drawing 6 with the remaining part of a circuit on pixel level, and there is an 
advantage of being common to all diodes in them. This enables the design which does 
not bar formation of an organic layer, and the catholyte of drawing 1 or the anode 
plate layer of drawing 6 . Furthermore, this makes it avoid to establish the further 
Rhine in a pixel. 

[0044] Drawing 7 and the analog drive circuits 400 and 500 of drawing 8 are pixel level, 
and since the both sides of diode are electrically connected with the circuit, they are 
not so desirable about the point This is because it requires that the arrangement 
gestalt of wiring carries out pattern NINGU of the organic layer, and forms beer (vias, 
hole) and contact since excessive wiring occupies more substrate fields, and the 
technique of preparing this beer etc. is not fully established in the organic light 
emitting diode ingredient. 

[0045] Drawing 9 differs from the analog drive circuits 600 and 700 of drawing 10 
slightly [ the circuits 100 and 300 of drawing 1 and drawing 6 ]. The PMOS transistors 
604 and 608 are used for the analog circuit 600 of drawing 9 instead of the NMOS 
transistors 104 and 108. Similarly, the PMOS transistors 704 and 708 are used for the 
analog circuit 700 of drawing 10 instead of the NMOS transistors 304 and 308. The 
gate line of a PMOS transistor is set to "high", and data are lowered to "low", in case 
a PMOS transistor is passed. 

[0046] PMOS is a technique suitable for especially the diode that shares the same 
cathode on equipment, as shown in drawing 9 . The channel conductance of Drive TFT 
is decided by the gate-source electricahpotential-difference difference, and a reason 


is from ** connected to reference voltage with the stable source side of TFT. Turning 
"ON" diode does not influence a gate-source electrical potential difference. This has 
the source of Drive TFT contrastive with drawing 1 connected to the anode plate of 
OLED. In the case of drawing 1 . the voltage drop in the diode in "ON" condition 
lowers a gate-source electrical potential difference. This is effectiveness known as 
"source degeneracy (source degeneration)." Since it is easy to turn ON the direction 
of Drive TFT, by the design which abolished source degeneracy, a lower signal level 
and smaller TFT can be used, and the intensity level same in an indicating equipment 
can be attained. 

[0047] Drawing 1 1 and drawing 12 show two sorts of still more nearly another 
modifications of the analog drive circuit 100. The gate line n where the analog circuits 
800 and 900 of drawing 1 1 and drawing 1 2 adjoin is connected to source connection of 
drive 808 and TFT 908 on the gate line in the source of Use TFT, i.e., a drive. As 
shown in drawing 1 .1 . it is possible to open each pixel of the line corresponding to this 
gate line using a gate line (choosing), and to form the return path of the current which 
passes along OLED810 of a corresponding contiguity line. Therefore, after the gate 
line n transmits data to the OLED drive TFT808 of the corresponding line, the gate 
line n is set to low and becomes the current return path of an analog circuit 800. 
[0048] For example, if the pixel in which a 640-line display has an analog circuit 800 is 
expressed, the gate line n will draw the current of an analog circuit 800 during the 
639-line period whose gate line n is low. Although a current differs from a capacitor 
reference in one Rhine period, the amount of this time amount from which the optical 
output has deviated is like [ not trifling ], and does not do significant effect to the 
visibility of those who look at a display. 

[0049] The PMOS transistors 904 and 908 are used for the analog drive circuit 900 of 
drawing 12 instead of the NMOS transistors 804 and 808 of an analog circuit 800. 
Since this becomes usable [ cathode (it is easy to manufacture current this 
gentleman) common to diode ], it is advantageous. The gate line n of the PMOS 
transistor 908 is usually set to high, and when writing in data, it is set to low. 
Therefore, the gate line n is usually used in order to supply a current to OLED910. 
[0050] Now, in a polymer compound and a molecular compound, hundreds of sorts of 
well-known organic compounds applicable to OLED exist. Since all the components 
based on these compounds have the electrical characteristics suitable for excitation 
by TFT, this invention is applied to such all compounds including what is not 
investigated yet OLED of this invention is illuminant matter, Fori 
[2-methoxy-5-(2-ethyl-hexyloxy)-1 [ for example, ], and 4-phenylenevinylene] 
(MEH-PPV) or a tris (8-hydroxy) quinoline. Aluminum (AIQ) can be used. 
Hole-injection matter, for example, N, N -diphenyl-N, and N -bis(3-methylphenyl) 1-V 
biphenyl-4.4 -diamine (TPD) as well as the further electron transport layer, a dopant, 
an electrolyte, a buffer coat, etc. is applicable. Matter like TPD has the electron 


affinity which was fully suitable for the work function of the anode plate layer formed 
of an indium stannic-acid ghost (ITO). Since ITO can be manufactured to 
transparence, the anode plate side of OLED110 is usually a luminous-radiation side. 
Cathode contact is an opaque metallic conductor, for example, aluminum, calcium, or 
magnesium silver, for example. Since OLED110 is probably manufactured by **5M:** 
when it constitutes an OLED display device, the analog drive circuit 100 has very high 
possibility of being used for a tooth-back luminescence display. In this configuration, 
the cathode contact which is easy to damage easily potentially is formed as an 
advantageous continuation layer, and does not require pattern attachment by the 
pixel layer. The analog drive circuit 300 of drawing 6 can have the continuation ITO 
layer of about 100% of filling factor, and is advantageous. 

[0051] Drawing 13 shows the possible current paths 150 and 152 to the continuation 
anode plate layer 1 70 of the front luminescence display which uses the analog drive 
circuit 300 of drawing 6 . A current flows from an anode plate, passes an organic layer, 
arrives at the pixehized cathode (cathode by which pattern NINGU was carried out 
for every pixel), and. finally reaches the drive TFT156 of "ON." The pixel drive circuit 
300 is equipped with the viewing area which has the island where the exposed cathode 
contact fields 1 60, 1 62, and 1 64 were separated, and is formed. And coating of the 
continuous electronic conduction layer 1 66 is carried out. If required, the further layer 
(not shown) can also be formed on the continuous electronic conduction layer 166. 
And the continuous hole conduction layer 168, for example, TPD, is formed. 
Furthermore, as a continuous anode plate contact layer 170, ITO is continuously 
formed on the hole conduction layer 1 68. If the spreading resistance (resistance of 
spreading resistance and the direction of a flat surface) of the continuous electronic 
conduction layer 166 is too low, cross talk luminescence from the pixel which adjoins 
according to the current path 152 to illustrate will be produced. One of the conditions 
required in order to avoid the interaction of adjoining pixels is that resistance fills 
R172«R174. However, R172 is the sheet resistance of the anode plate contact layer 
170, and R174 is resistance between pixels of the electronic conduction layer 166. 
[0052] The longitudinal direction resistance R174, i.e., the resistance between pixels, 
is a very high value from two reasons. The first, an organic material is inferior as a 
conductor and is that mobility is low. It is what is called for (namely, <100nm) that the 
further electronic conduction layer of the second which is needed with the continuous 
electronic conduction layer 1 66 and a case is very thin from the principle of operation. 
Therefore, such spreading resistance has guaranteed that it can leave with pattern 
attachment of the continuous anode plate contact layer 170 not carried out. 
Therefore, naturally this layout has turned to the front luminescence display. If 
sufficient process control and a suitable mask set are used, on drawing 2 and the pixel 
circuit shown in 7, 1 1, and 12. a front luminescence design can arrange OLED and can 
obtain the component of about 100% of filling factor. If the continuous anode plate 


contact layer 1 70 is replaced with a cathode material and sufficient mask set is used, 
depending on the ingredient to be used, reflexibility and the process suitable for 
translucent or the tooth-back luminescence design which has a continuous up 
electrode using a transparent material will be acquired. 

[0053] [Operation gestalt 2] drawing 14 shows the configuration of the operation 
gestalt 2 of this invention which uses the digital drive circuit 200 for the OLED pixel 
202. A pixel 202 includes connection with the gate line n and data lines m, Vdd. and 
Vss. pass TFT204, the SRAM eel 206 of a single bit. and drives TFT208 and OLED210. 
The binary value of "1" or "0" is memorized by the single bit SRAM eel 206 prepared 
in each pixel 202. The single bit SRAM eel 206 is a static memory cell of for example, 
the polish reeon NMOS. 

[0054] The charge lost in the single bit SRAM eel 206 is restored by the flow of the 
charge which passes a load transistor. A gate line turns "ON" pass TFT204, and the 
bit value on a data line m ("0" or "1") is written in the SRAM eel 206. The memorized 
bit controls the gate of drive TFT208. If drive TFT208 is turned "ON", a current can 
be passed to one OLED210. OLED210 will become off if drive TFT208 is turned OFF. 
[0055] This design requires six transistors per pixel (202). and is not influenced by the 
leakage current Therefore, this design holds the condition of a pixel 202 indefinitely. 
Therefore, with this operation gestalt 2. by the random access method, it can write in 
a display and a framing cycle can be made unnecessary. A display of a gray scale can 
also be enabled by the modulation of a duty cycle, the transistor of whenever 
[ number / with the larger layout of this design /, and connection ] — more — a field 
— it can be intensive. In the mode which explains above and is explained to drawing 
14 . it is NMOS. TFT 204, 208, 212, 214, 216, and 218 and common cathode are used. 
Naturally, deformation which connects and uses PMOS or CMOS, and a common 
anode plate may be performed. 

[0056] Although this invention was explained to this specification at the detail, 
referring to a specific embodiment concretely, this invention is not limited to these 
operation gestalten. The purpose of this specification is including all deformation 
applicable to the essence and the range of this invention which are defined by the 
claim, an alternative, and equivalence. For example, this invention is applicable to the 
display of all the types that form an image using light emitting diode. A flat panel 
display, a flat lighting system, an instrument indicator, a sign, etc. are shown in such an 
indicating equipment. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the analog active-matrix OLED array of 
the operation gestalt 1 of this invention. 

[Drawing 2] It is drawing showing sample layout with the desirable 4-pixel intersection 
for realizing the circuit of drawing 1 . 

[Drawing 3] It is drawing showing the electrification time amount simulation of Pass 
TFT. 

[Drawing 4] It is drawing showing the load Rhine property in some gate voltage about 
OLED and Drive TFT. 

[Drawing 5] It is drawing including the plot of the solution of the load characteristic of 
drawing 4 , a diode current, and diode luminescence brightness. 
[Drawing 6] It is drawing showing the first deformation of the drive stage of the circuit 
design of drawing 1 . 

[Drawing 7] It is drawing showing the second deformation of the drive stage of the 
circuit design of drawing 1 . 

[Drawing 8] It is drawing showing the third deformation of the drive stage of the circuit 
design of drawing 1 . 

[Drawing 9] It is drawing showing the fourth deformation of the drive stage of the 
circuit design of drawing 1 . 

[Drawing 10] It is drawing showing the fifth deformation of the drive stage of the 
circuit design of drawing 1 . 

[Drawing 11] It is drawing showing the sixth deformation of the drive stage of the 
circuit design of drawing 1 . 

[Drawing 12] It is drawing showing the seventh deformation of the drive stage of the 
circuit design of drawing 1 . 

[Drawing 13] It is drawing showing a possible current path in the continuation anode 
plate layer of a front luminescence display. 

[Drawing 14] It is the circuit diagram showing the digital drive circuit of the OLED pixel 
of the operation gestalt 2 of this invention. 

[Drawing 15] It is the schematic drawing of the conventional OLED. 
[Description of Notations] 

100. 300. 400, 500. 600,700.800.900 An analog drive circuit. 102 A pixel. 104 Pass TFT. 
106 A capacitor. 108 Drive TFT. 110.810,910 OLED. 112,114.116,118 An anode plate, 
120 A data line. 122 A gate line. 124 Vdd Rhine. 126.128 Contact, 150 A current path. 
200 Digital drive circuit. 
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Fvys^^x^^iijg^-a-s^fcti n owj tw5.n 

[0 0 4 6] PMOSti. I19{c^-r<kdtc. ^S± 

T\ lR]-©llS%±tffl-r§^V:t- F{c1^tciiLfcKt5 
T-fe^o a*t±^ lEijT F TO^^-V^^^l/^y^'^iJ^yX 
A^y-F-y-7.mi±MtCj;oT?*^D. TFT©y- 

F^ r:a-yj t-r^ciiti. y-F-y-x^ 

EtCi^WL^V^o cnti. |gil)TFT©y-7.A^0LE 

T*^y-F-y-x«E^W^o iinti ry-xji^b 

(source degeneration) J i: L'T^6)fl^?i)^Tfe 
So lli?)TFT©7^*<;^->'{cL^■rv^fci6. y-Xjift 
^ ^ < t ^c^tKc J; D ^ J; 0 fgv ^M^ME. SU'J: 0 /J^ 

[0 0 4 7] la 1 1 ikTSm 1 2 ti. 7-tD ^7"igii,|p]gg i 
0 0©$ ?)(csij© 2 m(DmBm^^sto m i i j^t^ia i 
2©7-:^a^-iH]gS8ooRt;9oo{i> mmt^f-h 

y^yn^mWjT F T 8 0 8Sl>*9 0 8 ©y-XjgiglfC 

f^ffl. gp-^IKItlT F T©y-X*^'y- F^-YVfcMii^f 

nrv^^So 01 ucs^-r^^tc, y-Vy-^y^i^mb 
T^y- F^^>{c^f5-rsfT©^t°^4:;l/^r»1t (jI 

WL) . ?itfS-r?.gigtf©o L E D 8 1 o^m^niko 
mom^^m^t^nt-b^pimvh^o vt^r. y-F 
7^>n *^^©?*fjffi;-rsif©o L E Dmmr f t s O 8 

(Cr-^^f5iMLfc©-^. ^'-hy-Cynlt \ ow{c;& 
0. 7f-a^'lH]gS8 0 0©m?5fiMDIISS{c^So 
[0 0 4 8] m^^iTi-ajf^^S 0 0*^6 4 05-<^^ 
a^NgH©S§e^-b;l/^^-r^eti\ y-F^-r:yn 
y-Fv-YVnAM owT'SSe 3 9^'f y^r^cf 
{;:7-:^ny[5]iiS8 0 0©mj^^§ltj^.tyo WMRXS^y 

Ty^vyyiyyxit. —Dco^^ymrs^x-m^ji^h 

[0 0 4 9] mi Z(D7i-U^m.mm^9 0 0lt. Ti- 
a^lHiggs 0 0©NMO S h^yi^T.^ 8 0 4j^t;8 0 
8 ©f-^ts D P M 0 S F'^yv^T.^ 9 0 4Rt>'9 0 8^ 

imt^o arm. ^'-ft-¥icnm(D^m (m&no 

So PMO S F^yi^'X^ 9 0 8©y-F^i'yn«ji 


. »^ ^ 4^ 


H^Fisi-f- 1 u - 1 y B / k: 


0LED9 1 Olc^ii^t^tciblcW.mttl^o 

C2' -x^;l/-^+i/;l/:t4^~» -1, 4-7x:=.b 

yid^^^y] (MEH-ppv) ^rc^ihvx (8-t 
Ko+~» :^^yuy 7;P5x'i7i:> (A 1 Q) ^imt 

xx;l/-N, N' -ex (3-^^;l/7xr:;l/) l- 
r e7x^;U-4. 4' .i^75y (TPD) tSfc. 

AxX^^kfi^ (1 TO) tCckoTfl5;?5t^n 

0 L E D 1 1 QaMmMiiK mmmxh^o ISiiny 

"^L,. ;^;;l/>">A$fcttT^'"#.>/>i7A^-efe?). OLE 
D^^^^^lifii^-r^Sti-g-, 0 L E D 1 1 0A^t3^c,< 

0/^^->#tt^SL:&V\ 0 6(D7:'-D>7-|g®,|5|i^3 
0 0 10 0 %ifiV^5t«^tD^i^ I T Om^^t^H 

COO 5 1] ^1 3ti: m^im6(07i-aifmm^& 

3 0 0^^5gffl-r§Buffifl7ta^gStD^i^ll@l 1 7 0 

f-nJ|jt;Q;^J*eS§ 1 5 0RXI\ 5 2 ^S^s-To MjJllfil^lS 

a \'tyj (omwn f t i 5 etcjgi-'So tf^-fe;ngi) 

|H1K3 0 0«. StBL/cltg^y^^ hfgJS?! 6 0. 1 

mi 6 e^^^n-x-f y^*^n§o it:^s^e>«\ ^e.^?) 

■r^c^tTt^o ^LT. Bit-ri.iE?L{E«® 1 6 
8. fi?ij^tfTPD^j]5fiSc-rso 

1? h» 1 7 0 LT. m^li I T 0%, BicLTIE?Le 

mm 1 6 8©±tcffM-r^o ^i^-r§m?eafs 1 e e 

©/Si^'^Dffitn (spreading resistance. W-'^yjlai'DW, 


Rl72<<Rl74 

hmi 7 ocDy-hm.inx&o. R^r^^t. m^imm 

1 6 6(D\d^-tJimm.iriX$>^o 

[0 0 5 2] ^73^igm-3S0tf^-b;mig*aR 

mmmmwtLXi^o. i^mmm&\^^ctx$>^o 

imi^Ctio'^Mlsb^n^ (-r^b*.. <1 OOnm) 

m^yi$":7vmi 7 o^/^^-y{>tttL^v>$$5i-rc 

hit. tuM^«?^^S^c|&)^,^Tv^i.o 

7t^lt«. 122. 7. 1 i&a'i 2tc^-ri^^-b;Hlli^ 
©±tcO L E D^E1LT(5(?1 0 0 %©?t^^9^? 

mmt^mmic^^Lx. &m^'. ^mmt^mmm^ 

[0 0 5 3] [miMBBZ] mi 4li. OlED^^-t 

mmmmzomi&^mto e^-b;u2 0 2t4. y-h^ 

>ryn. x-^Jf^-Om. Vd d&t;v s s'scDSi^. 
/^7>TFT 2 0 4. ^-If-y h<DS R AM-b;l/2 0 6. 
fgijT F T 2 0 8Rt;0 L E D 2 1 O^^tJo T 1 j t 

rc« roj (Dzmimt. #tf^-h;i'2 o 2tcistte.nfc 

h S R AM-t;l/2 0 6tc|aiS$n?.o #-t:-y 
h S R AM-b;l/2 0 m^lis iKU->'j3yNM0 

[0 0 5 4] ^ h S R AM-fe;l/2 0 6T'$lcibn§ 

T^7t^n«.o y- h v-r TFT204^ \'t 

y\ tcLT. x-i?7-rym±<oe-y>fi ( roj 

« rij ) R AM-b;l/2 0 6'\«tjA$ni.o Elf. 
$nfce>yh«, |g||)TFT2 0 8©y-hWiai-r 
-So lg®lTFT2 08^ r;i->j {Cf-Si:. ®l!it^ 1 ^ 
O0LED2 1 OtCj5^-rci:ji^Tt?.= |gi!)TFT2 0 
8^:i-7tC-ri>i;. 0 L E D 2 1 0A^~;j-7tC:^i>o 
[0 0 5 5] C<7)^itfitf^-b;l/ (2 0 2) KiS/cD 

^V^o t^foT. CO^Itti. e^7-b;l/2 0 2©tJcSi^^fil 
SBRlfe:«lt-r§o tiieoT. c:ci^]!iSJ^S2T'tt. 

7U-sy^--9--r^;l/^/FStc-r;|,ci:*^Tt§o 
-r ^' •9--r ^ ck ^ T ^' U-r 7>y-;b^a^xoI 


wrm^ 1 u — ci 1 y a / z 


fi)^1tT?ti^ NMOS TFT204. 208, 21 
2. 214. 216. 21 8Rt;ftjilt1i^fflV^Tl^ 

[0 0 5 6] ^^^ommmm^mii^micmMLrjit)^^:^ 

[02] 01(DlHlSS^^Il-ri)fci6©4tf^-tr;U^M 

[0 3] /^xTFTcommwrs-y5.zLU—>3y^^ 

[0 4] 0 L E D]5iJ>|gi/]T F TtCOV^TO^O;!)^© 
[0 5] 0 4 ®m#!tt14©IS^ ^V^- F«j5^J^t>"^" 

[06] 01 (D^^mtwmm^(Dm~om.m^^st 


[0 7] 01 oiHigs^f{-oigi!)^®^zo^fl5^^-r 
0-e35§. 

[08] 01 <Dm^mMf<Dmw}m(DmE.(omiB^^^t 
[0 9] 01 cDm^mMfomm^(Dmm(Dm.m^^st 

0Tfei)o 

[010] 01 ©|HlK^tf©|gi!)m©^E©EJ^^^ 

■r0T'$>So 

[011] 01 0|H]8S^H-(7)|Efig(^^A©^fl5^^ 

[012] 01 (ommmM\(omm^(omt(omB^w^ 

[013] HuM^5^a^SSOBicll1iStc«rHl*« 

ji3iK^^-r0-esi>o 

[014] *fg0^O^]5gff^,^2©O L E Dtr^-fe;l/0 

T ;HEijiHigs^^N-rifiiss0-e3& ^ . 

[0 1 5] 1*e*cOO L E DOV^mXh^o 

100. 300, 400, 500, 600. 700, S" 

0 0, 900 7±u^mmm'^. 102 

104 /^XTFT. 1.0 6 nyry-y-. 108 ^ 

i/jT F T. 110, 8 10, 9 10 0 L E D. 11 
2, 114, 116, 118 120 r-^^ 

122 y-hv^y. 124 Vdd^-r^, 

1 2 6, 1 2 8 ny^Jf^F, 150 Hj^l^K. 2 0 
0 xi^^/HEijIUKo 
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— 15V.Vgrte=l5V,Vo» 4V 
•^-*= ^V.Vgote =15V.Vq= 12 V 
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